1 Every year, 100 hectares of saltmarsh in the United Kingdom are lost due to sea level rise. 2
saltmarsh are greater than the costs of restoring them, it is first necessary to accurately 47 estimate the economic value of the ecosystem services saltmarsh provides (Barbier et al., 48 2011) . 49
One of saltmarsh's most highly valued ecosystem services is to fisheries (Woodward & Wui 50 2001) . Globally, many commercially important fish species use saltmarsh, including sea mullet 51 (Mugil cephalus) in Australia (Taylor et al. 2018 ) and European seabass (Dicentrarchus 52 labrax) in the UK (Colclough et al. 2005) . Fisheries value is also one of the most difficult 53 ecosystem services to quantify in saltmarsh (Woodward & Wui 2001) . This is because fish will 54 use saltmarsh differently depending on a range of factors including the species, age of fish, 55
time of year, and tidal range (Scott 1999) . The same fish species will also use saltmarsh 56 differently in different regions. Tidal range varies in different parts of the world, and this can 57 limit fish access to saltmarsh (Fonseca et al. 2011). Because different species of fish use 58 saltmarsh at different life stages and for different purposes (e.g. feeding, reproduction), a 59 species-specific approach to quantifying the fisheries value of saltmarsh is needed ( 
Calculating saltmarsh residency indices 101
Following Scott (1999) , we assumed that saltmarsh residency is a proxy for saltmarsh 102 dependency. This allowed us to formulate an index quantifying fish dependency on saltmarsh 103 based on earlier work by Scott (1999) : 104
Equation 1 quantifies the Saltmarsh Residency Index (SRI) for species i, where m is the 106 natural (base-line) mortality rate;
is the time (years) spent as a juvenile (j) and as an 107 adult (a); is proportion of time spent in saltmarsh as a juvenile; and is proportion of time 108 spent in saltmarsh as an adult (Scott 2000; Jackson et al. 2015) . It is important to note that 109 equation 1 takes into account variable habitat use by juvenile and adult life stages (Scott of a population of interest while explicitly incorporating the contributions of individuals in the 123 population along its lifecycle (Caswell 2001). For the latter, a matrix model includes the 124 aforementioned vital rates for each of the stages in the lifecycle (e.g. juveniles and adult, as 125 necessary for equation 1). 126
Because not all five exact species are currently available in the COMADRE database, we used 127 matrix population models for closely related species and with similar life history traits (see 128 The demography of each species in COMADRE is archived into associated sub-matrices. Table 1 ), 146
we first collapsed each matrix into a 2x2 model containing a juvenile and an adult stage 147 following the method described by Salguero-Gómez & Plotkin (2010). All initial stages prior to 148 the first reproductive stage were considered juveniles, and all reproductive stages were considered adults. Next, we used methods by Caswell (2001) and Cochran & Ellner (1992) to 150 obtain the age-specific survivorship curve (lx). We used the survivorship curve to calculate 151 age-specific mortality rates (1-lx) and used the mean of the linear mortality models at each 152 stage to represent stage-specific mortality. We calculated natural mortality ( ) rates by 153 averaging these age-specific linear mortality models across the entire lifespan. We also 154 quantified the juvenile residence time ( ) and adult residence time ( ) by calculating the 155 fundamental matrix, also following methods by Caswell (2001). 156
Estimating proportion of time spent in saltmarsh 157
There are few quantifiable, habitat-specific demographic studies for fish (Vasconcelos et al. 
Literature review 183
The second method for estimating the proportion of time our five target fish species spend in 184 saltmarsh was a meta-analysis of habitat use through a literature review (Jackson et al., 2015) . 185
The purpose of the meta-analysis was to determine how many habitats each species uses as 186 a juvenile and as an adult, separately. Due to the lack of habitat-specific demographic 187 information in the literature (Vasconcelos et al. 2014) , our approach was based on the 188 assumption that, at a particular life stage, a fish spends equal amounts of time in every habitat 189 it uses at that stage. For example, if a fish can be found in four different habitats as a juvenile, 190 one of which is saltmarsh, we assume that it spends 25% of its time in saltmarsh. This 191 assumption simplifies species' habitat use, and therefore introduces the possibility of under-192 or over-estimating the importance of saltmarsh compared to other habitats. We later explore 193 the implications of this assumption through a sensitivity analysis. 194
We conducted a systematic meta-analysis of habitat use for each study species for all years 195 available in Web of Science and SCOPUS. For full search strings, see Appendix S2. The 196 criteria for inclusion of a peer-reviewed publication was that it must (i) be written in English, 197 (ii) focus on at least one of our five study species, and (iii) provide habitat use information. 198
Because a limited number of studies took place in the UK, we included studies from other 199 regions that had a focus on the species in question and specified habitat use, resulting in a To allow for repeatability of habitat classification, habitats were classified according to the 202 European Union Nature Information System (EUNIS) (European Environment Agency 2018). 203
Under the assumption that a fish of a particular life stage uses all habitats equally, habitats 204 were unweighted. If the species was found to spend time in saltmarsh at that life stage, we 205 where xi is proportion of time spent in saltmarsh as a juvenile, tji is time spent as a juvenile, ti 211 is total lifespan, Hji is total number of habitats used as a juvenile, yi is proportion of time spent 212 in saltmarsh as an adult, tai is time spent as an adult, and Hai is total number of habitats used 213 as an adult. 214
Commercial fisheries landings 215
To obtain information regarding yearly landings for each species in UK waters, we used ICES 216 time series catch data (ICES 2018). These data identify the species, the ICES area in which 217 the fish were caught, and the live weight in tonnes. We considered catch data from nine ICES 
Applying the Saltmarsh Residency Index 234
To apply the saltmarsh residency index to landings values, we multiplied the SRI value for 235 each of our five target fish species by the commercial fisheries value for that species. We then 236 added these together to quantify the total commercial value for saltmarsh (Jackson et al., 237 2015) . This is shown in the following equation 4: 238
where ℎ is the total commercial value of saltmarsh, is 240 the commercial value for species i, and is the saltmarsh residency index value for 241 species i. 242 243
Sensitivity Analysis 244
We conducted a sensitivity analysis to test the responsiveness of the final commercial value 245 of saltmarsh to different estimates of the proportion of time adults and juveniles spend in 246 saltmarsh. We focused on this time proportion as it is a key element of the assumption 247 underpinning our analysis: that residency is a proxy for dependency (Scott 1999) . To conduct 248 this analysis, we calculated a species-specific sensitivity index for incremental changes in the for the economic analysis and for creating graphs. 259
RESULTS 260
The total UK landings value for Dicentrachus labrax, Pleuronectus platessa, and Solea solea 261 in 2015 was £19.4 million (Richardson 2017) . Of this total, between £4.3 million (22.2%) and 262 £4.8 million (24.7%) can be attributed to saltmarsh (Figure 2 ). The ICES catch dataset used 263 for our analysis did not report any UK landings for either C. ramada or C. labrosus, so these 264 species were excluded from UK totals reported above. The value of European Union 265 commercial fleet landings for our five target species was £52.42 million in 2015 (European 266
Commission 2018). The contribution of UK saltmarsh to this total was between £23.9 million 267 and £25.66 million, or between 45.6% and 49% of the 2015 total. These five species are 268 estimated to spend between 6% and 22% of their juvenile life stage in saltmarsh, where they 269 are protected from predators and have access to safe, plentiful feeding grounds (Green et al.
The provisioning services provided by UK saltmarsh to UK commercial fisheries were highest 272 for P. platessa, with its estimated value attributed to saltmarsh ranging from £1.9 million to 273 £2.4 million (26.5% to 33.5% of its total commercial landings value) ( Figure 2 ). This large 274 contribution can be attributed to two factors: 1) this species has the highest average SRI value 275 of all 5 species (0.3, see Table 2 , & Figure 2) and 2) an average yearly catch rate at least six 276 times higher than any other species. The species with the lowest economic contribution was 277 D. labrax (besides C. labrosus and C. ramada, which had no recorded UK landings). This is 278 likely due to low catch levels in 2015 caused by catch limits set by the EU, which meant that 279 its potential saltmarsh economic contribution was low (European Commission n.d.). 280
The calculated saltmarsh residency index (SRI) values (Table 2) In this study, we exemplify a species-specific approach to estimate the value of saltmarsh for 300 commercial fisheries. Our approach demonstrates how demographic and economic modelling 301 can be effectively combined to more accurately estimate saltmarsh ecosystem services value. 302
We found that the commercial value of UK saltmarsh to the target species, European seabass 303 (Dicentrarchus labrax), European plaice (Pleuronectes platessa), common sole (Solea solea), 304 thinlip grey mullet (Chelon ramada), and thicklip grey mullet (Chelon labrosus), when landed 305 in the UK, ranges between £4.3 million and £4.8 million per year. This implies that 22.2% and 306 24.7% of the total commercial UK-landings value of these species (£19.4 million) can be 307 attributed to saltmarsh (Richardson 2017) . 308
A key finding from our results was that the Species Residency Index (SRI), or dependency of 309 a species on saltmarsh for habitat, did not scale linearly with the estimated amount of time 310 each species spends in saltmarsh. For example, results showed that the SRI for D. labrax 311 The relationship between fisheries decline and saltmarsh loss has not been studied 333 extensively. However, the availability and connectivity of coastal foraging grounds and pelagic 334 spawning sites has been shown to contribute to the success of demersal fish populations 335 areas or undertaking managed realignment to increase saltmarsh extent may help with these 345
measures. 346
In this research, we provided a robust methodology to quantify species dependence on 347 saltmarsh, and subsequently estimate the value of saltmarsh for commercial fisheries. Our 348 methodology could also be used to estimate species dependence on other threatened marine 349 and coastal habitats, and their economic value for commercial fisheries. For example, 350 mangroves are an economically and ecologically important coastal fish habitat (Ronnback 1999; Valdez et al. 2008 ). However, different species of fish use mangroves for varying 352 purposes and at varying life stages (Ronnback 1999; Valdez et al. 2008) . Previous studies 353 have quantified the economic fisheries value of mangroves for fish that use mangroves during 354 their entire lifecycle (Ronnback 1999; Valdez et al. 2008 ). These studies do not consider the 355 value of fish species that use mangroves only as a nursery habitat (Ronnback 1999; Valdez 356 et al. 2008 ). Using residency index methods to incorporate life-stage variation in habitat use 357 captures the value of a habitat for all species that use it during their lifecycle. Consequently, 358
this approach provides a more complete estimate of coastal habitats' economic fisheries 359 value. In the absence of available landings data, a habitat residency can be calculated using 360 demographic and habitat use data. However, to estimate the economic contribution of the 361 habitat in question, this index value must then be applied to relevant landings values. 362
The methods presented in this paper provide a flexible framework to estimate the value of 363 saltmarsh for fisheries habitat. An area for future study would be quantifying the energy 364 transfer from one trophic level to another, which can be done through the demographic 365 modelling approach we developed here (Yeakel et government resources for managed realignment projects, it is essential that both the 386 ecological benefits, as well as the socio-economic benefits of these projects are realistically 387 and accurately estimated. Using two different approaches, we demonstrate a region-specific, 388 species-specific method for more accurately estimating the value of saltmarsh for fisheries. 389
Regional-specific guidance for estimating the economic benefits of coastal habitats, as 390 presented in our analysis, can help guide policy makers to make decisions that maximise 391 social and ecological outcomes. 
